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In a 1981 review, Doll and Peto estimated that approximately 35% of cancer deaths in the United States were potentially avoidable by the
modification of diet but that this percentage might be as low as 10% or as high as 70%. Since that time, the epidemiologic literature on diet and
cancer has grown greatly, as has understanding of the mechanisms of carcinogenesis. In general, this expanded literature has not provided reason
to alter the Doll and Peto estimate substantially. For colon cancer, evidence has accumulated that some of the international differences that were
attributed to diet are probably due to physical activity. For breast cancer, the concept that fat intake per se is the primary reason for differences in
rates among countries has not been supported by prospective studies. Although several lines of evidence suggest that caloric restriction and slow
growth rates may contribute importantly to the low rates of breast cancer found outside Western countries, this may not translate directly to
practical means of prevention. In contrast to breast cancer, more recent data have supported a causative role for red meat in the development of
colon and prostate cancers, although perhaps not entirely due to its fat content. Whereas earlier thinking about nutrition and cancer emphasized the
adverse effects of fat and other components in the diet, the most compelling evidence of the last decade has indicated the importance of protective
factors, largely unidentified, in fruits and vegetables. Considering the more recent evidence, it is roughly estimated that about 32% of cancer may be
avoidable by changes in diet; however, it now seems unlikely that less than 20% or more than 42% of cancer deaths would be avoidable by dietary
change. - Environ Health Perspect 103(Suppl 8):165-170 (1995)
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Introduction
Over the years we have learned a great deal
about diet in the cause and prevention of
cancer, and in a brief review one can only
superficially address the large and rapidly
growing literature on this topic. While
much remains to be learned, evidence is
sufficient to draw several practical and
important conclusions. As a starting point,
this overview will use Doll and Peto's 1981
summary of the causes of cancer deaths in
the United States (1). These epidemiolo-
gists estimated that 35% of all cancer

deaths are potentially avoidable by dietary
change, with a range of 10 to 70%. I will
consider how we might modify these num-
bers in light of what we have learned since
that time. The increment of knowledge
since the time of the Doll-Peto report is
large; there has been a manyfold increase
in the number of relevant studies since
their report.
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The method Doll and Peto used to
arrive at their estimate is not totally clear,
but they invoked the approach ofguesstima-
tion, which is still an appropriate technol-
ogy at this time for this issue. Doll and Peto
considered possible dietary relationships
with the main site-specific cancers, and
then presumably used some sort of weight-
ing by the number of specific cancer deaths
to obtain their estimate. The method by
which they derived their confidence interval
is considerably less clear.

To begin with, I will review the state of
knowledge regarding diet in relationship to
the major causes of cancer death, since this
is where the greatest quantitative impact is
likely to exist.

Colon Cancer
For colon cancer, a large-at least 60-fold-
variation in rates exists among countries (2).
Also, the international correlations with
dietary factors are extremely strong; the cor-
relation is high for fat but is even stronger
(r= 0.9) for meat consumption (Figure 1).
Vegetable fat, however, is not associated
with colon cancer rates internationally (3).
These correlations have been a major source
of hypotheses and have generated consider-
able research on dietary fat and meat con-
sumption in relation to colon cancer. Howe
et al. (4) have summarized data from 13
case-control studies and found a clear posi-
tive association between total energy intake
and risk of colon cancer, which was also
quite apparent from the individual studies.
However, when adjusted for total energy

intake, total fat and specific types of fat
essentially had no relationships with colon
cancer (G Howe, personal communication).
Thus, the fat composition of the diet, in
case-control studies overall, does not appear
to be associated with risk of colon cancer.

The relationship between diet and colon
cancer has now also been examined in sev-
eral prospective studies (Table 1). In none
of them has there been any suggestion of a
positive association with total energy
intake, which can be interpreted as evidence
for recall bias in the case-control studies.
Also, total fat intake has not been clearly
related to colon cancer risk in the prospec-
tive studies. We reported a relative risk of
nearly two for high, compared with low,
animal fat intake in the Nurses' Health
Study (5), but when adjusted for red meat,
the association with animal fat disappeared,
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Figure 1. Correlation between per capita meat intake
and incidence of colon cancer in women in 23 coun-
tries. Reproduced from Armstrong and Doll, (2) with
permission.
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Table 1. Prospective studies of colon cancer: energy,
fat, and meat.

Study and RR, for high vs low
reference Energy Total fat Meat
NHS (5) 0.94 2.00 2.52-beef, main dish

1.21-processed
Iowa ( 12) 0.60 0.88 1.21-beef, main dish

1.51-processed
Dutch (7) 0.74 1.07 1.72-processed
HPFS (8) 0.94 1.19 3.57-beef, main dish
American M 1.14
Cancer F 0.85
Society ( 13)
Abbreviations: NHS, Nurses' Health Study; HPFS,
Health Professionals Follow-Up Study; RR, relative risk;
M, male; F, female.

whereas the red meat association remained
(W Willett, unpublished data).

There has been more evidence that meat
consumption is related to risk of colon can-
cer. Among women in the Nurses' Health
Study, we found a rather strong association
with beef, pork, or lamb consumption (5),
and an almost significant trend with
processed meat was seen in the Iowa
Women's Study (6). In Holland, colon
cancer risk was associated with processed,
although not with fresh, meat (7). In the
Health Professionals Follow-Up Study, a
strong relationship was seen between red
meat consumption and risk of colon cancer
(8), but there was no association with ani-
mal fat or total fat intake. A similar associa-
tion with red meat consumption was also
seen in relationship to risk of large bowel
adenoma in this same group of men (9).
Thus, the evidence seems fairly strong that
there is not a strong association between fat
composition of the diet per se and risk of
colon cancer. There is much more evidence
that some component of red meat-and a
number of hypotheses have been pro-
posed-is related to risk of colon cancer.

The relationship of vegetable and fruit
consumption or fiber intake to colon cancer
risk has been examined in many studies
(10). Many of these studies were conducted
under the hypothesis that fiber intake is
protective and, indeed, the results from
case-control studies have been impressively
consistent. Collectively, they suggest that
something in fruit and vegetables is protec-
tive; however, consumption of grains has
not generally been related to reduced risk
(11). Again, in the pooled analyses of 13
case-control studies by Howe et al., there
were inverse associations with fiber, vita-
min C, and beta-carotene, but, adjusted for
one another, fiber intake appeared to be the
primary protective factor (4).

Table 2. Prospective studies of fiber and colon cancer.

Study and reference Cases RR, high vs low

NHS (5) 150 0.90 (0.54-1.49)
lowa ( 12) 212 0.80 (0.49-1.31)
American Cancer M-61 1 0.76 (0.57-1.02)
Societya (13) F-539 0.62 (0.45-0.86)

HPFS (8) 203 1.08 (0.68-1.70)
Abbreviations: NHS, Nurses' Health Study; HPFS,
Health Professionals Follow-Up Study; RR, relative risk;
M, male; F, female. 'A composite score for fruits,
vegetables and grains.

The prospective studies of fiber and
colon cancer are not as impressive as the
case-control studies (Table 2). In general,
the relative risks have been less than one
for higher intake of fiber, but they are not
as markedly reduced as in the case-control
studies. In our cohort of men, in fact, we
saw no protective relationship at all with
fiber (8), and in the Nurses' Health Study,
the relationship was quite weak (5). In the
Iowa Women's Study, the association was
also weak and was not statistically signi-
ficant (12). Although a stronger inverse
association was seen in the American
Cancer Society cohort (13), only fatal cases
were included and this may have resulted
in bias if persons with higher fiber intake
were more likely to seek regular screening,
an association we have observed in our
cohort of men. Thus, in studies less subject
to methodologic artifact, it has become less
clear that fiber has a major protective effect
against colon cancer.

One area of major recent interest has
been a possible protective effect of folic acid
intake against colon cancer. Moreover,
there is evidence that risk may be particu-
larly elevated when low folate intake is
combined with alcohol consumption,
which does appear related to risk of large
bowel cancer. In a case-control study by
Freudenheim et al. (14), high intake of
folic acid was apparently protective, and
the combination of low folic acid and high
alcohol intake was particularly deleterious.
In analyses conducted by Giovannucci et
al., inverse relationships with intake of folic
acid and methionine (the main methyl
donor) and a positive association with alco-
hol intake were seen for both colon cancers
(15) and adenomas (16). Emerging evi-
dence from research on congenital malfor-
mations (17) and cardiovascular disease
(18) suggests that U.S. diets are inadequate
in folic acid, and colon cancer may be
another consequence.

Another hypothesis that has received
much attention is that high intake of dietary

calcium protects against colon cancer. The
cohort studies and the case-control studies
generally suggest a fairly consistent inverse
association with higher intake of calcium
(19). However, this relationship illustrates
the importance of examining foods as well
as nutrients and noting the nature of the
dose-response relationship; otherwise, the
findings may be misleading. The tempta-
tion is, of course, to advise drinking four
glasses of milk a day, given the data on cal-
cium intake. However, in data from both
the Health Professionals Follow-Up Study
(Kearney et al., unpublished data) and
the Iowa Women's Study (19), there was
little overall trend with calcium intake.
Moreover, there was not a substantially
reduced risk with higher intake; if any-
thing, the only association was with a
slightly increased risk at low calcium
intake. And, when we examined milk itself,
there was no suggestion of any beneficial
effect. The slight protective association
with calcium intake seemed to be coming
from the nondairy sources, which are
largely vegetables and grains. Therefore,
support for a substantial effect of calcium
against colon cancer is weak but needs
further examination.

In their review, Doll and Peto attrib-
uted 90% of colon cancer mortality to
dietary factors. Presumably, their assump-
tion was that most of the international
variation was accounted for by diet. This
now appears questionable because a large
literature suggests quite strongly that
physical activity protects against colon
cancer (20-23), which obviously con-
founds the international associations in an
important way.

Breast Cancer
Several years ago Howe et al. published a
pooled analysis of case-control studies
indicating an overall positive association
with fat intake (24). Although the relative
risks (RR) appeared somewhat impressive
(RR= 1.35 for 100 g of fat per day, an
unrealistic change for virtually all women),
in the scale of percent of energy, the relative
risk is only about 1.06 for 40% of energy
compared with 30% of energy. Thus,
although it was statistically significant, this
was a weak association for a change in fat
intake that has been widely advocated.

The prospective studies on fat and
breast cancer, again less subject to method-
ologic bias, seem to be providing a differ-
ent answer. Comparing the highest and
lowest categories of fat intake, there were
no significant increases in risk, and the
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Table 3. Prospective studies of the association between total fat intake and risk of breast cancer.
Range of total fat

Study and Total Follow up, intake, % of RR, high vs
reference Population cohort years Cases calories from fat low intake' 95% Cl

Jones et al. (49) U.S. 5,485 10 99 <30->42 0.62 0.33-1.19
NHS 4-year (50) U.S. 89,538 4 601 32-44 0.82 0.64-1.05
Mills et al. (51) California 20,341 6 193 NA 1.21b 0.81-1.81
Knekt et al. (52) Finland 3,988 20 54 NA 1.72 0.61-4.82
Howe et al. (53) Canada 56,837 5 519 31-47 1.30 0.90-1.88
Kushi et al. (54) U.S. 32,080 4 408 27-41 1.13 0.84-1.51
NHS 8-year (26) U.S. 89,494 8 1,439 29-> 49 0.86 0.67-1.08
Graham et al. (55) New York 17,401 7 344 < 26-> 37 1.00 0.59-1.70

State
Byrne et al. (56) U.S. 6,122 4 53 NA 1.10 0.5-2.40
Van den Brandt (57) Netherlands 62,573 3 471 NA 1.08 0.73-1.59
Toniolo et al. (58) U.S. 14,291 6 180 NA 1.49 0.89-2.48

Abbreviations: NNHS; Nurses Health Study; RR, relative risk; Cl, confidence interval; NA, not available. 'For most
studies categories are quintiles of the intake distribution; in some studies quartiles or tertiles are used. bEstimate
for animal fat intake only.
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Figure 2. Correlation of average adult height in
women with breast cancer incidence for 30 countries
(r= 0.8). Reproduced from Micozzi (3), with permission.
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Nurses' Health Study (50)
Nurses' Health Study (26)
Canadian Study (53)
Iowa Womens' Study (54)
Dutch Health Study (57)
New York State Cohort' (55)
Adventists Health Studya (51)
RH, relative risk. aAnimal fat.

ly 1.03 (25) case-control studies conducted in the
nce interval Mediterranean countries (27,28). Thus, the
there is little relationship between fat intake and breast
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In contrast to dietary fat, the evidence is
ational corre- strong that energy restriction and reduced
ed that breast growth rates reduce breast cancer incidence.
saturated fat For over 60 years, it has been known that
relative risks animals restricted in energy intake experi-
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nt error into But does the relationship between
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ince reduced and secular changes of height within Japan,
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n two recent populations with low breast cancer inci-

dence is related to nutritional factors, as
cer risk, these groups increase dramatically in height
RR (high vs low) when better sanitation and nutrition
0.86 (0.67-1.11) become available (32). Reduced growth
0.86 (0.67-1.10) rates due to limited intake of protein,
1.08 (0.73-1.59) linoleic acid, or other essential nutrients
1.10(0.83-1.46) might also contribute to reduced risk. In
1.39 (0.94-2.06) many case-control and cohort studies, a
1.12(0.78-1.61) positive association between height and
1.21 (0.81-1.81) breast cancer risk has been seen (25). For
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Figure 3. Relative risk of breast cancer by quartiles
of height in the NHANES (33). The reference point is
designated by an asterisk (*).

Nutrition Examination Survey (NHANES)
(33), there was a 2-fold elevation in risk of
breast cancer amnong taller women (Figure
3). Energy restriction and reduced growth
rates almost certainly operate in part by
delaying age at menarche (34), which has
long been known to decrease the risk of
breast cancer. Additional mechanisms are
also likely to operate, as energy restriction
reduces the incidence of many tumors in
animals, and reduced stature has also been
associated with lower risk of other human
cancers (33,35).

Alcohol, discussed elsewhere in this
symposium, is the other well-established
dietary risk factor for breast cancer (25,36).
Accumulating evidence suggests that this
effect is likely to be mediated by increased
endogenous estrogen levels (37).

Considerable evidence also suggests
that vitamin A intake is inversely associated
with breast cancer risk; this has been seen
in multiple case-control studies and now
also in cohort studies. Reduced risks
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among women with higher vitamin A
intake were seen in both the Nurses'
Health Study (38) and the Canadian
Prospective Breast Cancer Study (39).
Interestingly, and in contrast to virtually all
other cancers, this association seemed to be
strongest when intake included vitamin A
both from animal and vegetable sources,
suggesting that protective effects were not
due only to carotenoid or a antioxidant
actions. An effect of vitamin A per se
would be consistent with a tumor-sup-
pressing action seen in animal models of
mammary carcinogenesis (40).

Prostate Cancer
The third major cancer to be addressed
here is prostate cancer. Again, large differ-
ences in prostate cancer rates are seen inter-
nationally, and strong positive correlations
exist with fat intake and red meat con-
sumption (2). As for breast and colon can-
cer, this has led to hypotheses that dietary
fat might be important in the etiology of
prostate cancer.

The relationship between dietary fat
and prostate cancer risk has been examined
in a few case-control studies, and most of
them have suggested some association in
one subgroup or another. However, find-
ings have not been consistent regarding the
subgroups in which these associations exist.
In prospective data from our cohort of
men, we found evidence that fat, particu-
larly animal fat, was important (41). This
association was only with the advanced
stages of prostate cancer, which is the form
that varies among countries. The more
benign type of prostate cancer is distrib-
uted rather equally around the world, so
dietary factors may be particularly impor-
tant in the transition from the relatively
benign to the more aggressive form of
prostate cancer. When we examined
associations with specific fatty acids, alpha-
linolenic acid was mostly strongly associ-
ated with risk; in this population, this
essential polyunsaturated fat was obtained
mainly from red meat. The association
between diet and prostate cancer has
recently been examined in a prospective
study in Hawaii. Again, positive associa-
tions with animal fat and beef consump-
tion were seen (42). Although additional
data are clearly needed, present evidence
does suggest that animal fat may be an
important cause of prostate cancer.

Lung Cancer
Approximately two dozen case-control
and cohort studies have examined the

relationship between vitamin A-containing
foods and risk of lung cancer (43). In these
studies, there is highly consistent evidence
of an inverse association with carotenoid
intake but not with intake of preformed
vitamin A. The relative risks have generally
been about 0.7 or 0.6 for high compared
with low intakes. This evidence has raised
the hypothesis that beta-carotene is a
specific protective factor for lung cancer
(44). Studies using prospectively collected
blood have consistently found an inverse
association between serum beta-carotene
levels and subsequent risk of lung cancer
(43). Taken together, evidence is strong
that a phytochemical in fruits and vegeta-
bles, possibly a carotenoid or something
associated closely with beta-carotene in the
diet, protects against lung cancer.

Steinmetz and Potter (45) and Block et
al. (46) have reviewed the substantial
amount of evidence that higher intakes of
fruits and vegetables protect against many
other cancer sites. Questions remain about
the amount of fruit and vegetable con-
sumption that is optimal, what kinds of
fruits and vegetables are critical, and what
it is in them that is anticarcinogenic.

Cancer Deaths Avoidable by
Dietary Change
Returning to the task of assigning a num-
ber for the estimated percent of cancer
deaths avoidable by dietary change, I have
attempted to do this by site (Table 5). An
attempt has also been made to assign rea-
sonable estimated upper and lower bounds
on the percent avoidable by diet for each
cancer site. Making quantitative estimates
at this time is treacherous, as the available
evidence can only be interpreted roughly.
Methods of dietary assessment are suffi-
ciently informative to identify consistent
associations for a number of diet and

cancer relationships, but their imprecision
will tend to underestimate the magnitude
of these relationships. For typical degrees
of measurement error, the underestimation
is roughly 2-fold (47), but this may be
larger if dietary intake during the most rel-
evant time period of exposure (which is not
known with any precision) was not
assessed. Further, much of the available
evidence is based on case-control studies,
and methodologic biases due to differential
recall of diet and selective participation of
controls could distort associations in either
direction. For this reason, formal correc-
tion for measurement error cannot be
applied to the overall literature. Another
approach to quantitative estimation is to
assume that the international differences
are due to diet once a reasonable amount
of evidence for a causal effect of diet exists
from case-control and cohort studies,
metabolic investigations, and animal exper-
iments. A fundamental problem with this
approach is that nondietary factors, such as
smoking habits, reproductive experiences,
physical activity, and infectious agents,
may also contribute to international differ-
ences. In light of these complexities, I have
adopted the guesstimation method used by
Doll and Peto, relying mainly on case-con-
trol and cohort data, but also on interna-
tional comparisons when the case-control
and cohort evidence diet contributes to the
international differences was strong.

For lung cancer, the estimate of 20%
used by Doll and Peto remains consistent
with the many subsequent studies. It also
seems unlikely that more than 30% of lung
cancer is avoidable with dietary change, as
few studies have suggested larger differ-
ences between the highest and the lowest
intakes of protective factors.

For colon cancer, Doll and Peto esti-
mated that 90% was avoidable by dietary

Table 5. Cancer deaths avoidable by dietary change, 1994.

Percent avoidable
Type of cancer Deaths,a% Doll-Peto Current Range
Lung 28 20 20 10-30
Colon/rectum 11 90 70 50-80
Breast 8 50 50 20-80
Prostate 7 (with other) 75 20-80
Pancreas 5 50 50 10-50
Stomach 5 35 35 30-70
Endometrium 1 50 50 50-80
Gall bladder 1 50 50 50-80
Larynx, bladder, cervix, 6 20 20 10-30
mouth, pharynx, esophagus

Other types 28 10 10

Overall estimate 35 32 20-42

aPercent estimated deaths, 1993.
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change, largely on the basis of international
comparisons. I think we have to reduce
this estimate because of the clear evidence
that physical activity is important and
almost surely explains some of the interna-
tional variation. Therefore, I used 50%,
but this may still be high.

For breast cancer, I have left the esti-
mate at 50%, but the confidence interval
here reflects whether or not the estimate
includes energy restriction as a dietary
change. An effect of energy balance, and
possibly protein intake at the point at
which it limits growth, is highly likely to
be real and large, but this knowledge may
not result in a practical intervention that
can reduce breast cancer incidence. If we
only include practical interventions and
attainable dietary changes, the percentage
of breast cancer avoidable by dietary
change may be considerably smaller.

Doll and Peto did not provide a specific
number for prostate cancer, but there is
now considerable evidence that diet is
probably an important contributor to
prostate cancer mortality. But, again, here I
have left a wide confidence interval, as we
are just beginning to develop a solid body
of evidence regarding the relationship of
diet to this disease.

I found no reason to change the Doll
and Peto estimates for pancreatic (for which
considerable evidence suggests that fruit
and vegetable consumption may have a
modest protective effect) (48) and endo-
metrial cancers (for which data remain
meager), or most of the other cancers. In
some instances, however, the confidence
intervals are tightened up a bit. Weighting
the percentages of site-specific cancers
avoidable by dietary change by the percent
of deaths in 1993 due to specific cancers, an

estimate of about 32% is obtained for can-
cers avoidable by diet, just slightly less than
that of Doll and Peto. However, assuming
that all of the maximal estimates are true
(which is quite unlikely), an estimate of
about 42% is obtained as the maximum
percentage avoidable by dietary changes.

Again, all these estimates are very rough,
and one can argue with any one of them.
Nevertheless, the collective data provide
evidence that diet does play an important
role in the cause and prevention of cancers,
and, coupled with evidence for cardiovascu-
lar disease, one can sensibly recommend an
abundant consumption of fruits and vegeta-
bles and low intake of red meat. Further
research to identify the optimal amounts
and types of fruits and vegetables in the diet
and the factors in these foods and meat that
account for their relationships with cancer
incidence is likely to be fruitful.
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